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Dynamic response and meso-mechanism of gravel soil slope

under dynamic compaction disturbance

MA Yaoyu', XIE Qiang®****°, XUE Xiaogiang®, XU Yongping’, SU Hao'
(1. State Grid Chongqing Electric Power Company Construction Branch, Chongqing 401120, P. R. China;
2a. School of Civil Engineering; 2b. State Key Laboratory of Safety and Resilience of Civil Engineering in Mountain
Area; 2c¢. National Joint Engineering Research Center of Geohazards Prevention Areas (Chongqing), Chongqing

University, Chongqing 400045, P. R. China)

Abstract: With the advancement of major projects into mountainous areas, the dynamic compaction method has
been widely applied in the treatment of filled foundations in such regions due to its high efficiency in handling
deep and thick foundations. However, filled slopes are prone to form in mountainous filled foundations, and the
fill material is mostly gravel soil with uneven particle distribution. The dynamic load from dynamic compaction

can easily induce slope collapse, posing a threat to construction safety. Therefore, it is urgent to clarify the laws
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governing its dynamic response and failure mechanism. To address the above issues, this study adopts a
collaborative research approach combining on-site testing, 3D scanning, and discrete element simulation.
Specifically, dynamic response data of dynamic compaction were obtained through on-site testing; the shape of
gravel particles was reconstructed using 3D scanning; and a PFC® numerical model was established based on
the discrete element method (DEM). Considering the influence of gravel particle shape on the response of
foundation slopes, a shape correction factor (v) was introduced to optimize the particle breakage strength
criterion, and finally, a dynamic compaction disturbance model coupled with the particle breakage mechanism
was developed. The research reveals the macro-meso dynamic response laws of both the dynamic compaction
area and the slope area. In the shallow layer of the dynamic compaction area, the soil porosity decreases due to
particle compaction by extrusion. In contrast, the slope exhibits progressive failure: the slope angle decreases
from 45° to 20°, and the displacement field at the slope top undergoes a synchronous three-stage morphological
transformation. The porosity at the slope top increases due to tensile deformation, while that at the slope toe
decreases due to extrusion. Energy analysis further reveals the underlying mechanism: when particles are
subjected to impact, they first undergo a "compaction by extrusion" stage, followed by a "sliding and dislocation"
stage. These two stages collectively drive the slope failure.

Keywords: dynamic compaction; gravel soil slope; dynamic response; failure mode
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Fig. 1 Fitting and calculation of particle breakage strength

of sandstone and mudstone with different particle sizes
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field test and numerical simulation
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Fig. 11 Dynamic compaction evolution process of average coordination number of particles in dynamic compaction area
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Fig. 12 Evolution process of porosity dynamic compaction in dynamic compaction area
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extension length of slope under dynamic compaction

Y1 R T EL AR HURE 3 395 T {7 8 1) ok A 78 = [, 5
A7 B R BORLAL RS = AN 14 o . B
BB LU R T2 o5 AR TR B T A i
WA R 9K T A Sy MR 9, s AR Ry TR
T, UL IR A 3 e 2 s R S R By ek B Ry
e 3 T SR B 2 iR B IR, S IR A AR A A R A R
7 AR T S T TR TS ) AR El A RS Rk
B 25 T, AR A 9N 1) 2 R AR, DAL Ok A iR 3 %
)52 T 23 ik — 20 R A AR, O IR 7% R P
20 A T B A 0 M I 5 IS H T S R
WGE 1 3 SORE BRATY 8K 32 Ik B i B L BLE Tk
g R 7 3, DR K — PR R O L . R A
e WK S O SR R A < ORI R Y M
TE I 2 T B Ry T B9 39 559 DX, % & I S ik = %
4.2 FURLEC L B R FL R R AR

Ry — 20 4 7R 1 3 S RN Y A UL ATL B, 43 )
A e 2 35 TOURT A0 s 3¢ B 1) 11 2 T A 1 T A7 AN
FLBRE Gl 15 B, JURL IC A7 255 LB 22 19 28 4k
FE AR 1A 55 A 50 A SRR T 3 AL 5 3
A Ak ) TC AN, 0 Bl L B 3 52 A R OC Y AR AL R
I TOUASE 1 T 57 5B 75 o R B 3G hn it 2 AP B A
T LB 230 S A T 5 00 O 34 5 ke A A5 " ) T 457 4K
Wil 55 o YR 3 i 2 25 4G R AL B R A R
T R ka3, 3k T TC A7 50R0 L Bt 3R AE T B O AR
FE NS 5 I IR AP R A 18 KN 1 W i T
TG 1) A AR UK 9 29 AR T i 2l I 5 R ) 1
P 1 & Bl A% 8, T B A5 R A2 B 0 52 e B0 s
99 E T 308 AS O R R , TR i 2 T B AP ] N
gy, B ARG 1) 2 AR N LI 7S T A 0 Bk B RE
1 38 AR MR I /D, ARy e i KRR i B B 45
)1 I T RE T, DAL I D26 5 i F iR FLBR R e e 18 K,
T o7 50457 22 AT o 38 M0 TC A5 280 R L IR 2% 7 T A 9
ALK, L HJE AT 3 fLBRZ I K . X W RBJE T
8753 NI e e ) B B Fn 1 i 280 1 B s N
A0 32 B AN 3 SR e A WY, DR
WORLZ RN . TE5E 3 2 )5 B W i A e,
S HBAZ by WOk HE FR T [ R O, LB R A
(Y EE N WA €S N <A W73 < B OE N
LU 3 T5 K, TS 67 250 b 3 T0 /0N 156 B 3 I Ak TR 40 4
RS PO RPN B, 322 T 7R P A5 B Be 9 0K 1 4K M
PR, SR 5 A AORE 52 28 SRR /DN DR G AR s 5 T 3
TSR 78 ) 46 B A 88 ) b Oy iy i 25 T, A T )
YA 2o, DR i 25 A0 T S T0URURL 38l B % o
4.3 BEEEWFIE

B 15 & Bk #5576 0~0.6 s Y RE 5 A8 1k .
TE PFC3D 84, 7] 38 1 model history iy 4> 5% B GE



10 R 53 4

FAROF & L)

% XX A

l 9.0000E+00
8.0000E+00
7.0000E+00
6.0000E+00
5.0000E+00
4.0000E+00
3.0000E+00
2.0000E+00
I 1.0000E+00
0.0000E+00

I 9.0000E+00
8.0000E+00
7.0000E+00
6.0000E+00
5.0000E+00
4.0000E+00
3.0000E+00
2.0000E+00
I 1.0000E+00
0.0000E+00

I 9.0000E+00
8.0000E+00
7.0000E+00
6.0000E+00
5.0000E+00
4,0000E+00
3.0000E+00

2.0000E+00
1.0000E+00

24 I 0.0000E-+00

I 9,0000E+00
8.0000E+00
7.0000E+00
6.0000E+00
5.0000E+00
4.0000E+00
3.0000E+00
2.0000E+00
1.0000E+00
0.0000E+00

(b) % 27

I 9.0000E+00
£.0000E+00
7.0000E+00
5.0000E+00
5.0000E+00
4.0000E+00
3.0000E+00
2.0000E+00
I 1.0000E+00
0.0000E+00

I 9.0000E+00

8.0000E+00

7.0000E+00

6.0000E+00

5.0000E+00

4.0000E+00

3.0000E+00

2.0000E+00

I 1.0000E+00

tsell 0.0000E+00

-
(D %104

I 9.0000E+00
8.0000E+00
7.0000E+00
6.0000E+00
5.0000E+00
4.0000E+00
3.0000E+00
2.0000E+00
1.0000E+00
‘vl 0.0000E+00

(g) %12

E14 EHBAMLE=E
Fig. 14 Slope top particle displacement cloud map
0 e | . e o
—o— B HTLIR 2 0% —— AR 1.00x10° |
9F {040 — AR =
’ — e 1 98010° |
8 3x10° | = 9.60x10°
{035 _ s . "
ﬁ 7k ﬁr = S0 T om om oas
2 = B eios ;W
4030 =R ) /
6F /
sl ~qo2s 1106 o
—— W THC (% --
—u— 3 AT 5
4 ; ; A A ) M PO
0 2 4 6 8 10 12 0 I I 1 1 1
0.0 0.1 02 03 0.4 05 0.6
I5 i kA .
B 1] (s)
B 15 B3 Bk B ALK LR KR I i L I AR = o s 4
* EREE E16 B356RAERLSE

Fig. 15 Evolution of coordination number and porosity of

slope particles under dynamic compaction
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